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Water Temperature and River Stage Influence Mortality and 
Abundance of Naturally Occurring Mississippi River 

Scaphirhynchus Sturgeon 

QuiNTON E. PHELPS,* SARA J. TRIPP, WILLIAM D. HINTZ, AND JAMES E. GARVEY 

Fisheries and Illinois Aquaculture Center, Department of Zoology, 
Southern Illinois University, Carbondale, Illinois 62901, USA 

DAVID P. HERZOG, DAVID E. OsTENDORF, JosEPH W. RIDINGS, JAsoN W. CRITES, AND 

RoBERT A. HRABI K 

Missouri Department of Conservation, Open Rivers and Wetlands Field station, 
3815 East Jackson Boulevard, Jackson, Missouri 63755, USA 

Abstract-Several studies have investigated the demographics of shovelnose sturgeon Scaphirhynchus 
platorynchus and pallid sturgeonS. albus in the Mississippi River through assessment of adult populations; 
however, comparatively few studies have examined the early life history of these species. Here, we describe a 
comprehensive 4-year study that examined the effects of water temperature and river stage on the mortality, 
abundance, hatch timing, and growth rates of age-0 Scaphi rhynchus spp. sturgeon in the middle Mississippi 
River. We trawled island areas every 7-10 d from Apri I to August 2004-2007. We captured 1,256 individuals 
ranging from 10 to 193 mm total length over the 4-yearstudy. Mean age-0 sturgeon growth rates ranged from 
1.42 to 1.50 mm/d over the 4 years; however, growth rates did not differ among years. Individuals hatched 
over a 25-65-d period, and peak hatch dates were between 10 and 20 May in all years. Moreover, hatch 
timing possibly coincided with optimum spawning temperatures of 17-2a'C and an increase in river stage. 
Abundance appeared to be regulated by river stage; longer durations of high water were related to higher 
relative abundance. Furthermore, mortality increased with the number of days on which water temperature 
exceeded 2SOC:. Based on these data, management strategies may need to ensure sturgeon hatching success 
and subsequent survival through optimizing hydrologic and thermal regimes that occur during the early life 
stage. 

Most sturgeon populations have declined over the 
last century, and many are at historically low densities 
(Pikitch et al. 2005), primarily as a result of the 
deleterious effects of anthropogenic activities. For 
example, female sturgeon are disproportionately har­
vested because of roe demand from the caviar industry. 
This preferential harvest can reduce overall reproduc­
tive potential within a population. Reproductive loss, 
late age at maturation, and habitat degradation have led 
to the collapse of multiple sturgeon populations 
(Billard and Lecointre 2001; Ludwig et al. 2002; Secor 
et al. 2002; Tripp et al. 2009a). 

As a result of declines in sturgeon populations 
worldwide, the caviar industry has shifted focus from 
once-thriving anadrornous populations (e.g., Caspian 
Sea sturgeon: beluga sturgeon Huso huso, Russian 
sturgeon Acipenser gueldenstaedtii, and stellate stur­
geon A. stellatus; Billard and Lecointre 2001) to those 
sturgeon species that reside in large North American 
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rivers. Specifically, Mississippi River sturgeon appear 
to have received a substantial proportion of this 
diverted effort (Colombo et al. 2007). Commercial 
fishing for the shovelnose sturgeon Scaphirhynchus 
platorynchus occurs in the middle Mississippi River 
(MMR), which extends from above the confluence of 
the Missouri River near St. Louis, Missouri (river 
kilometer [rkm] 323), to the confluence of the Ohio 
River at Cairo, Illinois (rkm 0). The rare and sympatric 
pallid sturgeonS. albus was listed by the U.S. Fish and 
Wildlife Service as endangered in 1990 (USFWS 1990, 
2004). Shovelnose sturgeon may be susceptible to 
overfishing (Colombo et al. 2007); because pallid 
sturgeon and shovelnose sturgeon have similar taxo­
nomic traits, incidental bycatch or misidentification of 
pallid sturgeon is inevitable, and accidental take of this 
species occurs (Bettoli et al. 2009). 

Previous studies have shown that recruitment to 
adult stages is determined during the early life history 
in many fishes (Rice et al. 1987), and fluctuations in 
survival during early life stages can dramatically 
influence recruitment (Houde 1987). During this 
critical time period, survival varies until a constant 
threshold is met. At this point, survival approaches a 
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768 PHELPS ET AL. 

constant rate and recruitment to the fishery occurs, thus 
setting year-class strength. Because of the importance 
of early life survival and interrelation to year-class 
strength, much interest exists in understanding fluctu­
ations in early life dynamics (Sanmons et aL 2001; 
Phelps et aL 2008a). Information about the early life 
history of M MR sturgeon is limited (but see Tripp et aL 
2009b), but such information is probably critical for 
understanding population dynamics. 

Factors affecting survival during early life stages are 
generally size dependent; therefore, growth rate and 
hatch timing may influence survival (Forney 1976; 
Post and Prankevicius 1987; Rice et aL 1987). For 
example, cohort members that hatch earlier than other 
conspecifics during protracted spawning will have a 
longer growing season. Consequently, these individu­
als will probably be larger than later-hatching fish by 
the end of the first growing season, increasing their 
likelihood of survival (Cargnelli and Gross 1996). 
However, other studies have found that later-hatched 
individuals may demonstrate a compensatory response 
in growth and thus have higher survival than earlier­
hatched members (e.g., Garvey et aL 1998). Further­
more, faster-growing members may achieve size 
advantages over the slower-growing members of the 
same cohort (Phelps et aL 2008a), thereby increasing 
their chances of recruiting. Thus, it is critical to 
understand the temporal dynamics of sturgeon repro­
duction in the MMR 

Abiotic factors can affect early life survival (Miller 
et aL 1988), and several studies have found that water 
level and temperature influence abundance and subse­
quent year -class strength in several fish populations 
(Walburg 1972; Busch et aL 1975; Clady 1976; Phelps 
et aL 2008b). In riverine systems, Lohmeyer and 
Garvey (2009) found that larval production of Asian 
carp Hypophthalmichthys spp. corresponded to tem­
peratures greater than 18?C and to increased discharge. 
Specific to sturgeon, Tripp et aL (2009b) demonstrated 
that adult shovelnose sturgeon reproduction was 
triggered by an increase in river stage (where river 
stage was above 6 m) and temperature; however, 
whether larval sturgeon persisted after this apparent 
abiotic trigger was unclear. High water is likely to 
flood riparian areas, which may increase suitable 
nursery habitat and ultimately increase sturgeon 
reproductive success (Coutant 2000). Tripp et al. 
(2009b) noted that successful sturgeon reproduction 
requires temperature to be within the apparent thermal 
optima for sturgeon (i.e., 16.9--20.!K:). Temperatures 
exceeding 28?C may lead to increased mortality 
(Kappenman et aL 2009). 

In this study, we examined how water temperature 
and river stage affect relative abundance, growth, and 

mortality of wild age-0 Scaphirhynchus spp. sturgeon 
in the MMR In addition, we explored how water 
temperature and river stage affect hatch timing. We 
predicted that years of high discharge with tempera­
tures in the range of optimal growth would create the 
strongest age-0 sturgeon cohorts. 

Methods 

Sampling.-Age-0 sturgeon (distinguishing pallid 
sturgeon and shovel nose sturgeon was not possible due 
to their similar morphology, but the ratio was estimated 
as 1 pallid sturgeon larva per 100 shovelnose sturgeon 
larvre; Schrey 2007) were collected using a mini­
Missouri trawl in the MMR (rkm 323 to rkm 0) during 
April through August 2004-2007 (see Herzog et aL 
2005 for complete gear description). Bottom-contour 
trawling at depths of approximately 2-10 m was 
completed near island areas throughout the MMR The 
number of sampling sites was based on island size 
(approximately 10 trawls/island). Island sites remained 
fixed throughout the duration of our study to reduce 
among-site variability in catch rates of young sturgeon. 
Sampling was conducted at each site every 7-10 d, 
with trawl runs lasting 3--10 min. Trawl contents were 
sorted, and all age-0 sturgeon were measured for total 
length and stored in a 70% ethanol solution for further 
analyses. Relative abundance of age-0 sturgeon (catch 
per unit effort [CPUE]; number of age-0 sturgeon per 
100 m3

) was estimated for each trawL For each 
sampling event, surface water temperature (8C) was 
recorded with a Quanta Hydrolab, and river stage data 
(m) were obtained from the U.S. Geological Survey. 
All trawls for a given year were pooled across sites 
because previous research in the same reach of the 
MMR indicated a lack of differences in CPUE among 
island sites (Phelps et aL 2008c). 

Age-0 sturgeon growth rates and age were calculated 
for each year by the method of Braaten and Fuller 
(2007). Growth was assessed by combining similar-size 
(i.e., total length) sturgeon into their respective cohorts 
over time (i.e., monitoring a cohort over time through 
length-frequency analyses). Mean length of each 
designated cohort was regressed against sampling date 
to determine a cohort-specific growth rate. Using the 
growth rates for each individual cohort, we determined 
sturgeon age by use of the following equation: 

Age Oct:> 

Y..~otal length at capture; rmt> 
l 00:03mm; i:e:; sturgeon length at hatctt>L 

4 acohort specific growth rateD: 

The resulting age for each fish was then used to 
determine hatch duration. Catch curves were also 
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constructed to evaluate instantaneous mortality rates 
(Z; Maceina 1997) based on 5-d intervals. 

Statistical analyses.-Before statistical analyses, 
CPUE data were log10(x p 0.1) transformed. A one­
way analysis of variance (ANOVA) was constructed in 
the Statistical Analysis System version 9.1 (SAS 
Institute, Cary, North Carolina) to determine whether 
differences in CPUE existed between years. Tukey's 
post hoc honestly significant difference test was used to 
determine pairwise differences between years. Mean 
growth rates were compared between years by using 
ANOV A. Values of Z based on 5-d intervals were 
compared by using a homogeneity of slopes test (test 
for interaction in analysis of covariance). Mean CPUE 
abundance estimates were correlated with river stage 
(number of days on which river stage was above 6 m) 
each year (April 15-July 15) using Pearson's product­
moment correlation analysis. Pearson's correlation 
analysis was also used to evaluate the relationship 
between Z and the number of days on which water 
temperatures exceeded 2~ during April 15 through 
July 15 for all 4 years of the study. 

Results 

We captured 1 ,256 age-0 Scaphi rhynchus spp. 
sturgeon ranging from 10 to 193 mm total length over 
the 4-year study. sturgeon were captured from early 
April through August in each year. There were 
differences in average CPUE among years (F Y,. 

30.28; df Y,. 3, 1 ,218; P , 0.0001; mean CPUE 6 SE 
Y..1.07 6 0.004 fish/100m3 for 2004, 0.98 6 0.002 
fish/100m3 for 2005, 0.15 6 0.005 fish/100m3 for 
2006, and 1.19 6 0.006 fish/100 m3 for 2007). 
Pairwise differences were also detected in mean CPUE 
between years, with density being lowest during 2006 
(Figure 1 ). 

Growth rates were based on weekly cohorts in each 
year (Figure 2). Overall growth rates generated for 
individual cohorts across years ranged from 0.82 to 
2.18 mm/d; the mean ( 6 SE) growth rate for the entire 
study was 1.47 6 0.07 mm/d. No differences in mean 
growth rates occurred among years (F Y,. 0.51; df Y,. 3, 
24; P Y,. 0.68). The mean ( 6 SE) growth rate was 1.42 
6 0.02 mm/d in 2004, 1.5 6 0.02 mm/d in 2005, 
1.49 6 0.07 in 2006, and 1.48 6 0.04 mm/d in 2007. 

The relative age of sturgeon captured by trawling at 
all sites ranged from 4 to 85 d. According to these data 
by year, the coinciding Z-values (based on 5-d 
intervals) were 0.27, 0.49, 0.64, and 0.25 for 2004, 
2005,2006, and 2007, respectively. Differences existed 
among years for the majority of pairwise comparisons; 
the exception was the comparison between 2004 and 
2007, which had very similar Z (Figure 3). Note that 
these rates may have been influenced by size-

FIGURE 1.-Mean (pSE) catch per unit effort (CPUE) for 
age-0 shovelnose sturgeon and pallid sturgeon during 2004-
2007. Different letters above vertical bars represent signifi­
cant! y different mean catch rates between years. 

dependent avoidance of the gear. However, in both 
2004 and 2007, large and relatively old (i.e., . 70 d) 
individuals were captured in our trawls, which suggests 
that large individuals present in the sample area were 
not able to avoid our sampling gear. 

Sturgeon hatched over a 25--65-d period (i.e., 
protracted spawning), and peak hatch dates were 
similar annong years, occurring primarily during 10--
20 May. Hatch timing possibly coincided with 
previously reported spawning temperatures ranging 
from 170C: to 2a?C and occurred with an increase in 
river stage (Figure 4 ). Moreover, relative abundance of 
sturgeon increased as the number of days on which 
river stage exceeded 6 m increased (r Y,. 0.79, P Y,. 

0.003), suggesting that high water was related to 
reproductive success. For example, during the 2006 
spawning season, the M M R never experienced high 
water and the lowest relative abundance annong the 
four study years was observed. However, during 2007, 
flood stage was exceeded for the longest duration, and 
this corresponded to the highest relative abundance 
observed in this 

Discussion 

Among-year variation in early life dynamics of 
shovelnose sturgeon and pallid sturgeon appears to be 
due in part to abiotic differences (although growth did 
not vary across years). Sturgeon reproduction in the 
MMR was protracted and appeared to be loosely 
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related to sp3wning temperatures and to a slight 
increase in river stage. Similar trends have been shown 
for Asian carp in this reach of the MMR (Lohmeyer 
and Garvey 2009). Furthermore, high water (6-m river 
stage, where dikes and terrestrial vegetation are 
inundated) throughout the sp3wning season seems to 
regulate relative abundance of age-0 sturgeon by year. 
More specifically, extended periods of high water 
resulted in greater abundance of young sturgeon. The 
number of days of high water may be related to an 
extended period of time for finding adequate sp3wning 
locations when temperatures are in the normal 
sp3wning range. Thus, sturgeon may spread reprodUC­
tion across multiple weeks (i.e., protracted sp3wning 
period) to ensure some survival of newly hatched 
sturgeon (see Garvey et al. 2002 for general discus­
sion). Furthermore, flooding of riparian and island 
areas and their corresponding terrestrial vegetation 
probably increases the amount of suitable nursery 
habitat for newly hatched sturgeon. Correspondingly, 
Coutant (2000) hypothesized that reproductive success 
of white sturgeon A transmontanus was intimately tied 
with inundated riparian habitat 

Temperature may play a key role in survival. During 
2005 and 2006, posthatch temperatures exceeded 28?C, 
which coincided with the highest Z-values noted during 
this study. In contrast, during 2004 and 2007, 
temperature never exceeded 28?C during the posthatch 
interval and the Z of these individuals was lower. 
Similar to the results of our study, S. R Chipps and 
coiiEEgues (South Dakota State University, unpub­
lished data) found that optimum temperature for 
growth of age-0 pallid sturgeon was between 2Eee 
and 28?C. Likewise, another study by Kappenman et 
al. (2009) showed that total mortality of age-0 
shovelnose sturgeon was lowest at 14, 16, and 18?C 
and that the highest mortality occurred between 28?C 
and 3a?C. The present study has demonstrated that 
sturgeon reproduction appears to be regulated by river 
stage, whereas Z may be regulated by temperature. 

This is among the first documentation of reproductive 
success of MMR sturgeon (but see Hrabik et al. 2007; 
Tripp et al. 2009b) and the effects of abiotic mechanisms 
that may influence sturgeon during the larval and 
juvenile life stages. Given that the early life histories 
of shovelnosesturgeon and endangered pallid sturgeon 
probably coincide, we need to concentrate effort on 
understanding the linkages between early life history 
and adult demographics given previous research sug­
gesting that such a link occurs (Colombo et al. 2007). 
Further, given the apparent large decline in relative 
abundance of young sturgeon during the first year of life, 
we need to determine the extent to which this is caused 

by gear avoidance, emigration or immigration, changes 
in habitat location, or actual mortality. Presumably, 
changes in habitat use as well as survival patterns may 
be affected by body size. For example, larger juvenile 
sturgeon may begin to move into habitats that are more 
closely associated with the main channel and beyond our 
sampling reaches.ln addition, implanting transmitters in 
larger juveniles may be useful for identifying patterns of 
habitat use and perhaps dispersal. Controlled releases of 
marked sturgeon representing multiple size-classes at 
various locations-conducted in combination with 
intensive sampling-also may provide insight into 
size-dependent patterns of catchability and habitat use 
in the MMR (see Garvey et al. 1998 for a similar 
approach in reservoir systems). 

Management Implications 

Sturgeon recruitment variability and recent popula­
tion declines in many North American ecosystems have 
increased management efforts to improve or maintain 
populations (Colombo et al. 2007; Tripp et al. 2009a). 
This study has furthered the understanding of early life 
ecology of two large riverine sturgeon species. 
Furthermore, our findings will assist biologists study­
ing the Missouri and Mississippi rivers in providing 
management guidance regarding Scaphirhynchus spp. 
sturgeon reproductive and early life information. 
Specifically, this study has shown that sturgeon 
reproduction occurs across a range of conditions, 
including low-water years and high-water years when 
temperatures are optimal. Even though recruitment did 
occur during all years of our investigation, more 
recruitment occurred during high-water years when 
temperatures were within the previously reported 
sp3wning temperature range (see Tripp et al. 2009b). 
As such, management strategies may need to ensure 
survival through optimizing hydrologic and thermal 
regimes during the early life stage of shovelnose 
sturgeon and pallid sturgeon. 

Acknowledgments 

Funding for this research was provided by the U.S. 
Army Corps of Engineers. We also thank the numerous 
individuals at the Fisheries and Illinois Aquaculture 
Center, Southern Illinois University, for assisting with 
this study. 

References 

Bettoli, P. W, M. Casto-Yerty, G. D. Scholten, and E. J. 
Heist 2009. Bycatch of the endangered pallid sturgeon 
(Scaphirhynchus albus) in a commercial fishery for 
shovelnose sturgeon (S. platorynchus). Journal of 
Applied Ichthyology 35:1-4. 

Billard, R, and G. Lecointre. 2001. Biology and conservation 

ED_001094_00000071-00008 



rl 
rl 
0 
N 

N 
rl 

774 PHELPS ET AL. 

of sturgeon and paddlefish. Reviews in Fish Biology and 
Fisheries 10:355--392. 

Braaten, P. J., and D. B. Fuller. 2007. Growth rates of young­
of-yearshovelnosesturgeon in the Upper Missouri River. 
Journal of Applied Ichthyology 23:506-515. 

Busch, W. D. N., R. L. Scholl, and W. L. Hartman. 1975. 
Environmental factors affecting the strength of walleye 
(stizostedion vitreum) year-classes in western Lake Erie, 
1960-70. Journal of the Fisheries Research Board of 
Canada 32:1733--1743. 

Cargnelli, L. M., and M. R. Gross. 1996. The temporal 
dimension in fish recruitment: birth date, body size, and 
size-dependent survival in a sunfish (bluegill: Lepomis 
macrochi rus). Canadian Journal of Fisheries and Aquatic 
Sciences 53:360-367. 

Clady, M.D. 1976. Influence of temperature and wind on the 
survival and early stages of yellow perch, Perea 
flavescens. Journal of the Fisheries Research Board of 
Canada 33:1887-1893. 

Colombo, R. E., J. E. Garvey, N. D. Jackson, B. T. Koch, R. 
Brooks, D. P. Herzog, R. A. Hrabik, and T. W. Spier. 
2007. Harvest of Mississippi River sturgeon drives 
abundance and reproductive success: a harbinger of 
collapse? Journal of Applied Ichthyology 23:444-451. 

Coutant, C. C. 2000. A riparian habitat hypothesis for 
successful reproduction of white sturgeon. Reviews in 
Fisheries Science 12:23--73. 

Forney, J. L. 1976. Year-class formation in the walleye 
(stizostedion vitreum vitreum) population of Oneida 
Lake, New York, 1966-1973. Journal of Fisheries 
Research Board of Canada 33:783--792. 

Garvey, J. E., T. P. Herra, and W. C. Leggett. 2002. Protracted 
reproduction in sunfish: the temporal dimension in fish 
recruitment revisited. Ecological Applications 12:194-
205. 

Garvey, J. E., R. A. Wright, and R. A. Stein. 1998. Overwinter 
growth and survival of age-0 largemouth bass: revisiting 
the role of body size. Canadian Journal of Fisheries and 
Aquatic Sciences 55:2414-2424. 

Herzog, D., V. A. Barko, J. S. Scheibe, R. A. Hrabik, and 
D. E. Ostendorf. 2005. Efficacy of a benthic trawl for 
sampling small-bodied fishes in large river systems. 
North American Journal of Fisheries Management 
25:594-603. 

Houde, E. D. 1987. Fish early I ife dynamics and recruitment 
variability. Pages 17-29 in R. D. Hoyt, editor. 10th 
Annual Larval Fish Conference. American Fisheries 
Society, Symposium 2, Bethesda, Maryland. 

Hrabik, R. A., D. P. Herzog, D. E. Ostendorf, and M. D. 
Petersen. 2007. Larvae provide first evidence of 
successful reproduction by pallid sturgeon, Sea phi rhyn­
chus albus, in the Mississippi River. Journal of Applied 
Ichthyology 23:436-443. 

Kappenman, K. M., W. C. Fraser, M. Toner, J. Dean, and 
M. A. H. Webb. 2009. Effect of temperature on growth, 
condition, and survival of juvenile shovel nose sturgeon. 
Transactions of the American Fisheries Society 138:927-
937. 

Lohmeyer, A. M., and J. E. Garvey. 2009. Placing the North 
American invasion of silver carp in a spatially explicit 
context. Biological Invasions 11:905-916. 

Ludwig, A., L. Dubus, and I. Jenneckens. 2002. A molecular 

approach to control the international trade in black 
caviar. International Review of Hydrobiology 87:661-
674. 

Maceina, M. J. 1997. Simple application of residuals from 
catch-curve regressions to assess year-class strength in 
fish. Fisheries Research 32:115-121. 

Miller, T. J., L. B. Crowder, J. A. Rice, and E. A. Marschall. 
1988. Larval size and recruitment mechanisms in fishes: 
toward a conceptual framework. Canadian Journal of 
Fisheries and Aquatic Sciences 45:1657-1670. 

Phelps, Q. E., B. D. S. Graeb, and D. W. Willis. 2008a. First 
year growth and survival of common carp in two glacial 
lakes. Fisheries Management and Ecology 15:85-91. 

Phelps, Q. E., B. D. S. Graeb, and D. W. Willis. 2008b. 
Influence of the Moran effect on spatiotemporal 
synchrony in common carp recruitment. Transactions of 
the American Fisheries Society 137:1701-1708. 

Phelps, Q. E., S. J. Tripp, J. E. Garvey, D. P. Herzog, and 
R. A. Hrabik. 2008c. Early-life history of naturally 
occurring sturgeon in the middle Mississippi River. U.S. 
Army Corps of Engineers, St. Louis District, Annual 
Report, St. Louis, Missouri. 

Pikitch, E. K., P. Doukakis, L. Lauck, P. Charkrabarty, and 
D. L. Erickson. 2005. Status, trends and management of 
sturgeon and paddlefish fisheries. Fish and Fisheries 
6:233--265. 

Post, J. R., and A. B. Prankevicius. 1987. Size-selective 
mortality in young-of-year yellow perch (Perea flaves­
cens): evidence from otolith microstructure. Canadian 
Journal of Fisheries and Aquatic Sciences 44:1840-
1847. 

Rice, J. A., L. B. Crowder, and M. E. Holey. 1987. 
Exploration of mechanisms regulating larval survival in 
Lake Michigan bloater: a recruitment analysis based on 
characteristics of individual larvae. Transactions of the 
American Fisheries Society 116:703--718. 

Sammons, S. M., P. W. Bettoli, and V. A. Grear. 2001. Early 
life history characteristics of age-0 white crappies in 
response to hydrology and zooplankton densities in 
Normandy Reservoir, Tennessee. Transactions of the 
American Fisheries Society 130:442-449. 

Schrey, A. 2007. Discriminating pallid sturgeon (Scaphirhyn­
chus albus) and shovelnose sturgeon (S. platorynchus) 
and intraspecific geographic variation based on genetic 
and morphological characters. Doctoral dissertation. 
Southern Illinois University, Carbondale. 

Secor, D. H., P. J. Anders, W. Van Winkle, and D. A. Dixon. 
2002. Can we study sturgeon to extinction? What we 
know and don't know about the conservation of North 
American sturgeon. Pages 183--189 in W. Van Winkle, 
P. J. Anders, D. H. Secor, and D. A. Dixon, editors. 
Biology, management and protection of North American 
sturgeon. American Fisheries Society, Bethesda, Mary­
land. 

Tripp, S. J., R. E. Colombo, and J. E. Garvey. 2009a. 
Dec I i ning recruitment and growth of shovel nose sturgeon 
in the middle Mississippi River: implications for 
conservation. Transactions of the American Fisheries 
Society 138:416-422. 

Tripp, S. J., Q. E. Phelps, R. E. Colombo, J. E. Garvey, B. M. 
Burr, D.P. Herzog, and R. A. Hrabik. 2009b. Maturation 
and reproduction of shovel nose sturgeon in the middle 

ED_001094_00000071-00009 



rl 
rl 
0 
N 

N 
rl 

WATER TEMPERATURE INFLUENCE ON STURGEON 775 

Mississippi River. North American Journal of Fish 
Management 29:730--738. 

USFWS (U.S. Fish and Wildlife Service). 1990. Determina­
tion of endangered status for the pallid sturgeon. Federal 
Register 55:173(6 September 1990):36641-36647. 

USFWS (U.S. Fish and Wildlife Service). 2004. Final 
biological opinion for the Upper Mississippi River-

Illinois Waterway System navigation feasibility study. 

USFVVS, Bloomington, Minnesota. 

Walburg, C. H. 1972. Some factors associated with fluctua­

tions in year-class strength of sauger, Lewis and Clark 

Lake, South Dakota. Transactions of the American 

Fisheries Society 101:311-316. 

ED_001094_00000071-00010 


